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Description 
Swivel Assembly 

Cross Reference to Related Applications 

[0001] The present application is a continuation-in-part of co- 
pending U.S. Patent Application Serial No. 10/315,263 
filed on December 2, 2002, which is herein incorporated 
by reference. 
Federal Research Statement 

[0002] This invention was made with government support under 
Contract No. DE-FC26-01NT41229 awarded by the U.S. 
Department of Energy. The government has certain rights 
in the invention. 
Background of Invention 

[0003] This invention relates to a swivel assembly for a downhole 
tool string. For more than 50 years proposals for trans- 
mitting an electronic signal along the length of the tool 
string used in the exploration and production of hydro- 
carbons and subterranean energy sources have met lim- 
ited success for reasons associated with numerous tech- 



nological obstacles; namely transmitting reliable signals 
across the joints of the downhole tool string. One suc- 
cessful system disclosed in U.S. Patent No. 6,670,880 to 
Hall, which is herein incorporated by reference; introduces 
a system for transmitting data through a string of down- 
hole components. First and second magnetically conduc- 
tive and electrically insulating elements are included in 
both ends of the components. Each element includes a 
trough with an electrically conducting coil located inside. 
An electrical conductor connects the coils. Varying cur- 
rents applied to this system are transformed into mag- 
netic fields which can cross the joints of the downhole 
components and transform back to varying currents. 
[0004] A top-hole swivel is a key surface-mounted drill rig com- 
ponent in the tool string for such a system as described in 
the "880 patent. It functions as the entry point for drilling 
fluids and as a load transfer point between the drill string 
and rig. In some cases it has been used as a data gather- 
ing point for logging the well and for monitoring drill 
string dynamics. When adapted for signal transmission, 
the swivel becomes the interface between the outside 
world and the system for transmitting data integrated into 
the downhole tool string. 



[0005] Several apparatuses in the art are capable of transmitting 
data from a tool string to equipment located on the sur- 
face. U.S. Patent Nos. 6,018,301 and 6,075,461 disclose 
an apparatus for communicating information between 
downhole equipment and surface equipment. The electro- 
magnetic signal repeater apparatus comprises a housing 
that is securably mountable to the exterior of a pipe string 
disposed in a well bore. The housing includes first and 
second housing subassemblies. The first housing sub- 
assembly is electrically isolated from the second sub- 
assembly and is secured thereto with a nonconductive 
strap. The second housing subassembly is electrically 
coupled with the pipe string and is secured thereto with a 
conductive strap. An electronics package and a battery are 
disposed within the housing. The electronics package re- 
ceives, processes, and retransmits the information be- 
tween the downhole equipment and the surface equip- 
ment via electromagnetic waves. 

[0006] Another system for transmitting data from a drill string to 
surface equipment is disclosed in U.S. Patent Nos. 
6,144,316 and 6,177,882. A downhole communications 
system includes an electromagnetic-to-acoustic signal re- 
peater for communicating information between surface 



equipment and downhole equipment. Tlie repeater com- 
prises an electromagnetic receiver and an acoustic trans- 
mitter. Tlie receiver receives an electromagnetic input sig- 
nal and transforms the electromagnetic input signal to an 
electrical signal that is inputted into an electronics pack- 
age that amplifies the electrical signal and forwards the 
electrical signal to the transmitter that transforms the 
electrical signal to an acoustic output signal that is acous- 
tically transmitted. 
Summary of Invention 

[0007] A swivel assembly for a downhole tool string comprises a 
first and second coaxial housing cooperatively arranged. 
The first housing comprises a first transmission element 
in communication with surface equipment. The second 
housing comprises a second transmission element in 
communication with the first transmission element. The 
second housing further comprises a third transmission el- 
ement adapted for communication with a network inte- 
grated into the downhole tool string. An internal conduc- 
tor may be disposed within a passage of the second hous- 
ing and may connect the second and third transmission 
elements. Further, an external conductor may connect the 
first transmission element to surface equipment. The dis- 



closed swivel assembly allows data transmission from a 
network integrated into a downhole tool string to surface 
equipment, such that data from downhole may be utilized 
from the surface. 

[0008] The second housing may rotate with the downhole tool 
string and may be adapted to transmit a signal between 
the downhole network and the first housing. The second 
housing may remain stationary; thereby, preventing the 
external conductor from wrapping around the swivel as- 
sembly. An electronic component is in communication 
with at least one of the transmission elements, which may 
aid in signal transmission. 

[0009] The electronic circuitry may be externally mounted to the 
first or second housing. Further, the electronic circuitry 
may be internally mounted in the second housing. The 
electronic circuitry may be disposed in a recess in either 
the first or second housing of the swivel assembly. Dis- 
closed is a recess between the second and third transmis- 
sion elements. Also disclosed is a swivel assembly com- 
prising recess disposed in an inner circumference of the 
second housing or an outer circumference of the second 
housing. 

[0010] Debris such as drilling mud, corrosive fluid, water, dirt. 



and rocks may damage the connection between the first 
and second housings. To protect against such debris, a 
shield may be externally mounted to the first housing and 
protect a connection between the first and second hous- 
ings. Alternatively, the shield may be externally mounted 
to the second housing. The shield may have a means of 
lubricating the connection while maintaining a clean envi- 
ronment for the first and second transmission elements to 
transmit data. 

1] The swivel assembly may comprise electronic circuitry 
such as a signal filtering circuit, a signal error checking 
circuit, a device control circuit, a modem, a digital proces- 
sor, an optical regenerator, an optical transmitter, an op- 
tical receiver, a repeater circuit, a sensor, a router, a 
switch, memory, an amplifier, a data compression circuit, 
a data rate adjustment circuit, a piezoelectric device, a 
light, a gauge. The swivel assembly of claim 1, wherein 
the electronic circuitry comprises components selected 
from the group consisting of a signal filtering circuit, a 
signal error checking circuit, a device control circuit, a 
modem, a digital processor, an optical regenerator, an 
optical transmitter, an optical receiver, a repeater circuit, 
a sensor, a router, a switches, memory, an amplifier, a 



clock source, a data compression circuit, a data rate ad- 
justment circuit, a piezoelectric device, a light, a gauge, a 
wireless transceiver, a digital/optical converter, an ana- 
logue/optical converter, and a microcontroller. The swivel 
may further comprise an internal power source. Alterna- 
tively, the electronic circuitry may receive electricity from 
an external power source. Electronics, such as a repeater 
circuit, may aid in signal transmission between the down- 
hole tool string to surface equipment. 
[0012] Also disclosed is a swivel assembly for a downhole tool 
string comprising a second housing having a cylindrical 
form comprising an inner circumference and an outer cir- 
cumference, wherein the second housing is disposed 
within the inner circumference of the first housing. 
Brief Description of Drawings 

[0013] Fig. 1 is a perspective view of a downhole tool string sus- 
pended by a derrick. 

[0014] Fig. 2 is an orthogonal view of a swivel assembly of the 
present invention. 

[0015] Fig. 3 is a block diagram of electronics in a swivel assem- 
bly of the present invention. 

[0016] Fig. 4 is a cross sectional view of a swivel assembly of the 
present invention attached to a tool string component. 



[0017] Fig. 5 is an orthogonal view of a swivel assembly of the 
present invention. 

[0018] Fig. 6 is a partial cross sectional view of a swivel assembly 
of the present invention. 

[0019] Fig. 7 is a partial cross sectional view of a swivel assembly 
of the present invention. 

[0020] Fig. 8 is a partial cross sectional view of a swivel assembly 
of the present invention. 

[0021] Fig. 9 is a partial cross sectional view of a swivel assembly 
of the present invention. 

[0022] Fig. 10 is a partial cross sectional view of a swivel assem- 
bly of the present invention. 
Detailed Description 

[0023] This description is meant to illustrate the present inven- 
tion and not to limit its scope. Other embodiments of the 
present invention are possible within the scope and spirit 
of the claims. 

[0024] Fig. 1 shows an embodiment of the downhole tool string 
60 suspended by a derrick 88. A swivel assembly 30 com- 
prises an electronics pack 34 which connects to surface 
equipment 61 by an external conductor 69. 

[0025] Fig. 2 shows a detailed view of the swivel assembly 30. 
The swivel assembly 30 comprises a first housing 31 and 



a second housing 32. The second housing 32 is adapted 
to rotate with a downhole tool string. Externally mounted 
to the first housing 31 is a shield 33 adapted to protect 
the connection between the first and second housings 31, 
32 of the swivel assembly 30. Debris such as drilling mud, 
corrosive fluid, water, dirt, and rocks may damage the 
connection between the first and second housings 31, 32, 
which the shield 33 blocks. The electronics pack 34 is ex- 
ternally mounted to the first housing 31 of the swivel as- 
sembly 30. The first and second housing have a cylindrical 
form. The cylindrical form of the second housing 32 com- 
prises an outer circumference 74 which is disposed in an 
inner circumference 72 of the first housing. 
[0026] Fig. 3 shows an embodiment of electrical components 62 
that may be included in the electronics pack 34. The elec- 
tronics pack 34 may comprise an internal power source 
46, such as a battery. The electrical components 62 con- 
tained in the electronics pack 34 may be selected from the 
group consisting of signal filtering circuitry 45; switches 
41, such as multiplexers 50 or routers 51; sensors 42; 
memory 38, volatile 48 or non-volatile 49; repeater cir- 
cuitry 44; modems 40; processors 37, including digital 
processors and microcontrollers; control circuitry for 



downhole tools 43; ports 39; amplifiers 52; clock sources 
53; signal error checking circuitry 54; data compression 
circuitry 55; data rate adjustment circuitry 56; piezoelec- 
tric devices 81; lights 82; gauges 83; a wireless 
transceiver 85; and other hardware devices 47 known in 
the art. In embodiments where optical fibers cables are 
used in the downhole tool string, the swivel assembly 30 
may comprise optical receivers 58, optical regenerators 
57, or optical transmitters 59. The swivel assembly 30 
may further comprise a digital/optical converter 86 or an 
analogue/optical converter 87. 
[0027] In wet drilling environments, such as off shore drilling, a 
wireless transceiver 85, digital/optical converter 86, or a 
analogue/optical converter 87 may be advantageous in 
the swivel assembly 30 because it may allow an optical or 
radio communication to the surface equipment 61 verses 
a electrical communication, which may become haz- 
ardous. The digital/optical converter 86 may be capable 
of transmitting digital signals to optical signals and vice 
versa. The analogue/optical converter 87 may also be ca- 
pable of transmitting analogue signals to optical signals 
and vice versa. Thus, an electrical signal may be transmit- 
ted through the pipes, while an optical signal may be 



transmitted on the surface. 

[0028] Sensors 42 may be associated witli tlie swivel assembly 

30. The sensors 42 may gather useful data about the con- 
dition of the of the swivel assembly 30. For example strain 
gauges associated with the swivel assembly 30 may mea- 
sure the strain experienced by the swivel from the weight 
of the downhole tool string. Further sensors measuring 
friction or heat between the first and second housing 31, 
32 may indicate when a lubricant needs to added to the 
connection. If an actuator or other device is associated 
with the swivel assembly 30 a switch 41 may direct signals 
to the actuator instead of to the surface equipment or to 
the downhole tool string. 

[0029] Fig. 4 is a cross sectional view of the swivel assembly 30 
mechanically and electrically attached to a downhole tool 
string 60 and electrically connected to surface equipment 
61. The surface equipment 61 may be a personal com- 
puter. The surface equipment 61 may comprise a connec- 
tion to a local area network or to a global positioning sys- 
tem. The first transmission element 63 has an annular 
form and lies within a groove 71 in the inner circumfer- 
ence 72 of the first housing 31. The second transmission 
element 64 also has an annular form, is coaxial and adja- 



cent to the first transmission element 63, and lies in a 
groove 73 in the outer circumference 74 of the second 
housing 32. The first and second transmission elements 
63, 64 are cooperatively arranged such that a signal may 
be passed between the first and second housings 31, 32. 

[0030] An internal conductor 67 disposed in a passage 77 con- 
nects the second and third transmission elements 64, 65. 
The internal conductor 67 may be a copper wire, a coaxial 
cable, twin axial cable, a triaxial cable, a fiber optic cable, 
or a ribbon cable. The transmission elements 63, 64, 65, 
66 may be inductive couplers, direct electrical contact, or 
fiber optic couplers. Preferably, the downhole tool string 
60 has an integrated network 84 capable of transmitting 
data from downhole to the surface. Compatible systems 
for transmitting data between the third transmission ele- 
ment 65 of the swivel assembly 30 and the transmission 
element 66 of the downhole tool string 60 are described 
in U.S. Patent 6,670,880 and 6,717,501 to Hall. 

[0031] Still referring to Fig. 4, a conductor 70 connects the first 
transmission element 63 to the electrical components 62 
in the electronics pack 34. The electrically components 62 
may modify to the signal before passing the signal to ei- 
ther the surface equipment 61 or the downhole tool string 



60. A power source 46 may be located adjacent the elec- 
tronic components 62, within the electronics pack 34. Al- 
ternatively, an external power source, such as a generator 
on the derrick may be used. An external conductor 69 al- 
lows the surface equipment 61 to be in electrical commu- 
nication with the first transmission element 63. The ex- 
ternal conductor 69 may be a copper wire, a coaxial a ca- 
ble, twin axial cable, a triaxial cable, a fiber optic cable, or 
a ribbon cable. 

[0032] Repeater circuits 44 may be placed in the downhole tool 
string 60. A signal coming from the surface equipment 61 
may attenuate as it travels on the external conductor 69, 
may further attenuate as it passes through the swivel as- 
sembly 30, and attenuate as it passes through the com- 
ponents of the downhole tool string 60. When the attenu- 
ated signal reaches an attenuated threshold, a signal can 
no longer be received. Once the attenuated threshold is 
reached a component comprising a repeater circuit 44 
may be added to the downhole tool string 60. However, if 
a repeater circuit 44 is provided in the swivel assembly 30 
then the attenuation from the surface equipment 61 to the 
swivel assembly 30 experienced in the external conductor 
69 may be restored once the signal reaches the swivel as- 



sembly 30. Since the signal is repeated in the swivel as- 
sembly 30 more components may be added to the tool 
string 60 before reaching the attenuated threshold and 
components containing repeater circuits 44 may be added 
to the tool string farther apart. Other electronic compo- 
nents 62 may also aid in data transmission. 

[0033] Electronic components 62 may also include a piezoelectric 
device 81, such as a speaker; a light 82; or a gauge 83 for 
communicating to a worker on the derrick useful informa- 
tion. Useful information may be warnings indicating a 
high pressure kick or a release of a harmful gas. The ad- 
vantage of having a warning indicator associated with the 
swivel assembly 30 allows notification to workers on the 
derrick immediately instead of notifying the surface 
equipment first and then relaying that information to 
workers on the derrick. 

[0034] Fig. 5 shows an embodiment of the swivel assembly 30 
where the electronics pack 34 is attached to the second 
housing 32. The electronics pack 34 may rotate with the 
second housing 32. An advantage to having the electronic 
pack 34 attached to the second housing 32, is that a re- 
peater circuit 44 may now be located between the second 
and third transmission elements 64, 65 allowing any at- 



tenuation occurring during tlie transmission between tlie 
first and second transmission elements 31, 32 to be re- 
stored before tlie signal is passed to the downhole tool 
string 60. 

[0035] Fig. 6 shows an electronic component 62 located between 
the second and third transmission elements 64, 65. The 
electronics pack 34 is internally mounted in the inner cir- 
cumference 75 of the second housing 32. The electronic 
component 62 may be mechanically fastened to the inner 
circumference 75 with screws. Alternatively the electronic 
component 62 may be press-fitted, glued or use other 
methods known in the art to be secured in the bore of the 
swivel 68. Drilling mud, lubricants and other fluids, may 
be present in the bore 68 of the second housing 32 so the 
casing for the electronic component 62 may be robust and 
chemical resistant. Fig. 7 discloses an electronics compo- 
nent 62 a recess 76 in the inner circumference 75 of the 
second housing 32. Fig. 8 discloses a recess 76 in the 
outer circumference 74 of the second housing 32. Fig. 9 
shows an electronic component 62 in the passage 77 in 
communication with the second and third transmission el- 
ements 64, 65. 

[0036] Fig. 10 shows a connection between the first and second 



housing 31, 32 of the swivel assembly 30. The first and 
second transmission elements 63, 64 are cooperatively 
arranged such that data transmission may occur. Bearings 
78 located in the first housing 31 and adjacent the second 
housing 32 and allow the rotation of the second housing 
32. The shield 33 may be externally mounted to the sec- 
ond housing 32 and rotates with it. A lubricating port 79 
allows for lubrication of the bearings 78 without having to 
remove the shield 33. The lubricating port may be covered 
by a cap when the lubricating port is not in use. A seal 80 
adjacent the transmission elements 63, 64 may protect 
the transmission elements 63, 64 from lubricants or other 
fluids, which may block data transmission or cause the 
transmission elements 63, 64 to short. 
[0037] Whereas the present invention has been described in par- 
ticular relation to the drawings attached hereto, it should 
be understood that other and further modifications apart 
from those shown or suggested herein, may be made 
within the scope and spirit of the present invention. 



